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Residual levels of seven frequently used pesticides were investigated in 140 samples of two common vegetables, eggplants and
tomatoes, from agricultural fields in the Narayanganj district of Bangladesh. The analysis of pesticide residues was performed by
high-performance liquid chromatographywith photodiode array detection. A large percentage of the eggplants (50%) and tomatoes
(60%) from the Narayanganj district were contaminated with pesticides, and all of the levels were above the maximum residual
limit (MRL) proposed by the EC regulation. Diazinon was the most common (35%) pesticide detected in the vegetable samples
at a concentration of 45–450 times higher than the MRL. The health risk index for diazinon was highest for both eggplant and
tomato samples, which may be due to its physiochemical properties. Fenitrothion and linuron are the two second most common
types of pesticides detected in the vegetable samples. Regular monitoring of the use of common pesticides on vegetables should be
conducted.
1. Introduction
The contamination of food by chemicals is a public health
concern worldwide, and pesticides are a chemical hazard
associatedwith food contamination [1]. Pesticide refers to any
substance or mixture of substances in the food of humans or
animals, including any specified derivatives such as degrada-
tion and conversion products,metabolites, reaction products,
and impurities, of toxicological significance [2]. Pesticide
residues cause both short- and long-term toxic effects that are
hazardous to health, especially at higher levels that can lead
to toxicity. Headaches, nausea, irritation, vomiting, diarrhea,
abdominal pain, and hypersensitivity are repeatedly reported
impacts of acute pesticide exposure. Additionally, chronic
pesticide exposure increases the risk of reproductive defects,
neurodegenerative disorders, organ damage (kidney/liver),
mutagenic and carcinogenic transformation, and endocrine
disruption [3–5]. Children are more susceptible due to
their small body size, immature immune systems, and rapid
growth cycles, especially in the brain and nervous systems
[6].
Pesticide exposure is increasing in Bangladesh due to
the acreage of irrigated agriculture. Approximately 80 types
of registered pesticides with 170 different trade names are
commonly used in agriculture and public health sectors in
Bangladesh [7]. Of this number, organophosphates com-
prise 60.4%, carbamates comprise 28.60%, organochlorines
comprise 7.60%, and others comprise 3.4% of the total
pesticides used [8]. The problem is compounded when the
indiscriminate use of pesticides by farmers ismade worse due
to illiteracy and low levels of awareness of the hazardous effect
of pesticides to human health [8, 9].
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Several studies have demonstrated that vegetables
sprayed with pesticides will absorb them internally, which
can create adverse effects [10–12] when they are consumed
by humans and animals. Therefore, the identification and
quantification of pesticides in food are of increasing public
interest. However, in Bangladesh very little information
is available on pesticide levels in vegetables [13], although
they are consumed almost daily by the general public.
In this study, we investigated the health risk and residue
contamination levels of five organophosphates (diazinon,
dimethoate, fenitrothion, parathion, and phosphamidon),
one carbamate (carbofuran), and one phenyl urea herbicide
(linuron) in two common vegetables (eggplant and tomato)
collected from agricultural fields in the Narayanganj district
of Bangladesh.
2. Experiments
2.1. Collection of Vegetable Samples. The vegetables were
collected between June 2011 and December and March 2011
from the agricultural fields of three districts from Narayan-
ganj (Rupgonj, Sonargaon, and Arihajar Upazilas), which are
industrial areas located close to Dhaka City. Ten samples
each of eggplants and tomatoes were collected directly from
selected fields in the sampling area. The samples were placed
in sterile polyethylene bags and transported to the laboratory
on ice. They were stored at 4∘C until analysis (within 24
hours).
2.2. Sample Preparation. Each vegetable sample (10 g)
was homogenized with an Ultra-Turrax macerator (IKA-
Labortechnik, Janke & Kunkel GMBH & CO.KG, Germany)
at high speed for 3min using a 40mL solvent mixture that
consisted of double-distilled hexane : acetone (3 : 1) at room
temperature. Anhydrous sodium sulfate (20.0 g) was added
to remove any remaining moisture. The samples were then
centrifuged for 5min at 3000 rpm, and the supernatant
was transferred to a clean, graduated cylinder for volume
measurement. The organic extract was concentrated to 5mL
on a vacuum rotary evaporator (Buchi, Switzerland) using a
water bath at 45∘C and 3.63 psi.The extract was cleaned up in
a heat-activated (150∘C for 4 h) charcoal-silica gel-alumina
(0.1 : 5.0 : 5.0) column followed by elution with a solvent
mixture of dichloromethane (2%) in double-distilled hexane.
The elute was concentrated to 1mL in a rotary evaporator,
followed by evaporation to dryness under a gentle nitrogen
stream. The dried sample was reconstituted in acetonitrile
(1mL) prior to injection into high-performance liquid
chromatography (HPLC).
2.3. Chromatographic Analysis. Analysis was conducted by
a HPLC (Shimadzu, Japan) LC-10ADvp, equipped with an
SPD-M 10 Avp attached to a photodiode array detector
(Shimadzu SPD-M 10 Avp, 200–800 nm). A C18 Reverse
Phase Alltech (250× 4.6mm, 5𝜇m)was used as the analytical
column, and the column temperature was maintained at
30∘C. Acetonitrile in distilled water (70 : 30) was used as the
mobile phase at a flow rate of 1.0mL/min. Prior toHPLCanal-
ysis, the samples were filtered through 0.45𝜇mnylon (Alltech
Associates, IL, USA) syringe filters.The chromatograms were
obtained followingmanual injection (20𝜇L) of both standard
and sample solution (Figure 2). The suspected pesticides
were identified based on the retention times of the respective
standard pesticide preparation.
For preparation of the calibration curve, equal volumes
of several different concentrations of standard solutions
were injected into the HPLC machine. Quantification was
performed according to the calibration method described
by Bhattacharjee et al. [13]. Pesticide residue levels were





(𝐻ST × 𝑉𝐼 × 𝐺)
, (1)
where 𝑅 is mg/kg for vegetable samples, 𝐺 is sample weight
(kg), 𝑉END is terminal volume of the sample solution (mL),
𝑉
𝐼
is volume, 𝑉END is volume injected into the HPLC (𝜇L),
𝑊ST is amount of standard pesticide injected with standard
solvent (𝜇g), 𝐻
𝐴
is peak area obtained from 𝑉
𝐼
(mm2), and
𝐻ST is peak area obtained from𝑊ST (mm
2).
2.4. ChromatographicMethodValidation Protocol and Evalua-
tion. The validation of the analytical method was performed
according to the European Commission (EC) guidelines in
terms of the accuracy, precision, and limit of quantification
(LOQ) [14]. Accuracy was calculated by analyzing the sam-
ples of known concentration (𝑛 = 3) and comparing the esti-
mated values with the actual values.Within our experimental
limit, mean recovery for accuracy should be within 70–
120%. For accuracy experiments, tomato and eggplant (20 g)
were utilized as matrix after homogenization and addition of
appropriate amount of pesticides standards at two different
fortification levels (0.05 and 0.50 𝜇g/mL). Control samples
were processed along with spiked ones. Both sample and
standard preparation were stood for one hour to permit
equilibration. Equilibration was followed by extraction and
cleanup process as described above. Percentage recovery was
calculated by following equation:
Percentage recovery = [ CE
CM
× 100] , (2)
whereCE is the experimental concentration determined from
the calibration curve and CM is the spiked concentration.
The precision was estimated by monitoring the repeated
(𝑛 = 6) peak response and expressed by relative standard
deviation (RSD). The acceptance criterion for precision is
RSD ≤ 20%. The LOQ was evaluated as signal-to-noise
ratios of 10 : 1 and was obtained by analyzing unspiked
samples (𝑛 = 10). LOQ must be lower than reporting limit
and MRL with mean recoveries within 70–120% and RSD ≤
20%.
The average percentage recoveries ranged from 80.33% to
99.00% while precision ranged from 3.14% to 13.25%. In the
present study, the LOQ was lower than reporting limit and
MRL and ranged from0.0036 to 0.0045mg/kg for tomato and
0.0030 to 0.0037 for eggplant.
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2.5. Health Risk Index (HRI). The health risk indices asso-
ciated with pesticide residues were estimated from food






The estimated daily intake was determined by multiplying
the residual pesticide concentration (mg/kg) by the food
consumption rate (kg/day) and dividing this number by a
body weight of 60 kg for an average adult.
3. Results and Discussion
Large percentages of the eggplants (50%) and tomatoes (60%)
were contaminated with pesticides (Table 1). This result is
alarming because all of the contamination levels were above
the maximum residual limit (MRL) proposed by the EC
regulation [14].
TheHRI in the eggplant samples was highest for diazinon
eggplant, followed by dimethoate, phosphamidon, and feni-
trothion (Table 2).The calculated HRI in eggplant for linuron
eggplant was less than 1, which is considered safe for human
health [16].
The HRI in the tomato samples was also highest for
diazinon (Table 3), followed by phosphamidon and carbo-
furan. The calculated HRIs for fenitrothion and linuron in
the tomato samples were less than 1 and were therefore
considered safe for human health [16].
Approximately 23.53% of the contaminated samples con-
tained multiple residues. Overall, only fenitrothion contami-
nation in both eggplants and tomatoes caused no health risk,
as indicated by the HRI.
We investigated the pesticide residue contamination
levels of five organophosphates (diazinon, dimethoate, fen-
itrothion, parathion, and phosphamidon), one carbamate
(carbofuran), and one phenyl urea herbicide (linuron) in
two common vegetables, eggplants and tomatoes, from agri-
cultural fields in the Narayanganj district of Bangladesh.
Large percentages of the eggplants (50%) and tomatoes (60%)
were contaminated with pesticides at levels exceeding the
maximum residual limit (MRL) set by the EC regulation.
None of the eggplant samples were contaminated with
carbofuran. However, carbofuran was detected in a single
tomato sample at a level 33 times above the MRL. The
carbofuran level of market vegetables in Pakistan, includ-
ing eggplants and tomatoes, has been recorded as 0.00–
0.39mg/kg, 0.0–19.5 times higher than the MRL [17, 18].
However, the residual carbofuran level of market eggplant
in Haryana, India, was within the MRL (0.009–0.020mg/kg)
[12].
Diazinon was themost common (35%) pesticide detected
in the vegetable samples (Figure 1).The highest concentration
for diazinonwas 4.514mg/kg in an eggplant sample.This level
is approximately 450 times higher than the MRL, which is
alarming.Thehighest diazinon level detected in tomatoeswas
3.612mg/kg, which is approximately 360 times higher than
the MRL. This result is also alarming because tomatoes are














Figure 1: Typical chromatogramof a dimethoate standard (5mg/kg)
(retention time = 3.4min).














Figure 2: Chromatogram of VS-9 showing the presence of
dimethoate (RT: 3.301min).
usually consumed raw in salads. The residual diazinon level
of tomatoes was 10 times higher than the MRL in Spain and
0.0–1.3 times higher than the MRL in Ghana [19, 20].
Dimethoate was detected in only a single eggplant sample
at 1.806mg/kg but was not found in the tomato samples.
The detected level was 90 times higher than the MRL
established by the European Union [15] but only 3.6 times
higher than the MRL limit (0.5mg/kg) set by the Codex
Alimentarius Commission [21]. Bempah et al. reported a
residual dimethoate level of 0.007–0.019mg/kg in Ghanaian
tomatoes [22], while the residual level in Indian eggplants was
0.001–0.002mg/kg [12].
Fenitrothion and linuron are the next two most common
types of pesticides detected in the vegetable samples after
diazinon. The highest fenitrothion level (1.88mg/kg) was
detected in a tomato sample, which was approximately 188
times higher than the MRL. The highest linuron level in
an eggplant sample (1.07mg/kg) was approximately 21 times
higher than the MRL. In India, the fenitrothion residual level
for both tomato and eggplantwas reported to exceed theMRL
by 33 times [23]. In Ghana, the residual fenitrothion level of
cabbage was also 16.50 times higher than the MRL set by the
Codex Alimentarius Commission [24].
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Table 1: Residual levels of carbofuran, diazinon, dimethoate, fenitrothion, linuron, parathion, and phosphamidon in eggplant and tomato
samples.
Sample Concentration (mg/kg)
Carbofuran Diazinon Dimethoate Fenitrothion Linuron Parathion Phosphamidon
Standard 5 25 5 5 25 5 5
MRL 0.020 0.010 0.020 0.010 0.050 0.050 0.010
B-1 BDL 0.453 ± 0.033 BDL BDL BDL BDL BDL
B-2 BDL BDL BDL BDL BDL BDL BDL
B-3 BDL BDL BDL BDL BDL BDL BDL
B-4 BDL 4.514 ± 0.397 BDL BDL 1.073 ± 0.054 BDL 1.416 ± 0.141
B-5 BDL BDL BDL BDL 0.657 ± 0.059 BDL BDL
B-6 BDL BDL BDL BDL BDL BDL BDL
B-7 BDL BDL BDL BDL BDL BDL BDL
B-8 BDL BDL BDL BDL BDL BDL BDL
B-9 BDL BDL 1.806 ± 0.148 BDL BDL BDL BDL
B-10 BDL BDL BDL 0.674 ± 0.038 BDL BDL BDL
T-1 BDL 1.888 ± 0.204 BDL BDL BDL 0.116 ± 0.003 BDL
T-2 BDL 2.611 ± 0.111 BDL BDL BDL BDL BDL
T-3 BDL ND BDL BDL BDL BDL BDL
T-4 0.673 ± 0.032 3.451 ± 0.417 BDL BDL BDL BDL BDL
T-5 BDL BDL BDL 0.657 ± 0.059 BDL BDL BDL
T-6 BDL BDL BDL BDL BDL BDL BDL
T-7 BDL BDL BDL BDL BDL BDL BDL
T-8 BDL 3.612 ± 0.169 BDL BDL 0.540 ± 0.020 BDL 0.693 ± 0.062
T-9 BDL BDL BDL 1.888 ± 0.204 BDL BDL BDL
T-10 BDL BDL BDL BDL BDL BDL BDL
The results are expressed as the mean ± SD (standard deviation) of triplicates measurements. Here, B = eggplant; T = tomato; BDL = below the detection limit
(0.001 ppm); MRL = maximum residual limit determined by EC regulation 396/2005 (from EU pesticide database) [15].
Table 2: Percentage contamination and HRI of the investigated pesticides for eggplant.
Pesticide Contamination rate (%) MRL (mg/kg) ADI (mg/kg/day) EDI (mg/kg/day) HRI Health risk
Carbofuran 0 0.02 0.003 — — —
Diazinon 20 0.01 0.001 0.0143 14.3 Yes
Dimethoate 10 0.02 0.001 0.0104 10.4 Yes
Fenitrothion 10 0.01 0.002 0.0039 1.9 Yes
Linuron 20 0.05 0.010 0.0050 0.5 No
Parathion 0 0.05 0.005 — — —
Phosphamidon 10 0.01 0.001 0.0081 8.1 Yes
MRL = maximum residual limit; HRI = human risk index; ADI = acceptable dietary intake; EDI = estimated dietary intake. The HRI was calculated by
considering an average daily vegetable intake for a 60 kg adult as 0.345 kg/person/day [16, 36] and using theMRL determined by EC regulation 396/2005 (from
the EU pesticide database) [15].
Table 3: Percentage contamination and HRIs of the investigated pesticides for tomato.
Pesticide Contamination rate (%) MRL (mg/kg) ADI (mg/kg/day) EDI (mg/kg/day) HRI Health risk
Carbofuran 10 0.02 0.003 0.0039 1.3 Yes
Diazinon 40 0.01 0.001 0.0166 16.6 Yes
Dimethoate 0 0.02 0.001 — — —
Fenitrothion 20 0.01 0.002 0.0073 0.7 No
Linuron 10 0.05 0.010 0.0031 0.3 No
Parathion 10 0.05 0.005 — — —
Phosphamidon 10 0.01 0.001 0.0040 4.0 Yes
MRL= maximum residual limit; HRI = human risk index; ADI = acceptable dietary intake; EDI = estimated dietary intake. The HRI was calculated by
considering an average daily vegetable intake for an adult (60 kg) as 0.345 kg/person/day [15, 16] and using the MRL determined by EC regulation 396/2005
(from the EU pesticide database) [15].
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Table 4: Physiochemical properties of the investigated pesticides [37, 38].
Name Molecular formula Molecular weight Soil half-life (days) Water solubility (mg/L)
Carbofuran C12H15NO3 221.30 50 351
Diazinon C12H21N2O3PS 304.35 40 60
Dimethoate C5H12NO3PS2 229.26 7 39,800
Fenitrothion C9H12NO5PS 277.24 4 30
Linuron C9H10Cl2N2O2 249.10 60 75
Parathion C10H14NO5PS 291.26 14 24
Phosphamidon C5H12NO3PS2 229.26 17 1,000,000
Parathion was detected in only a single vegetable sample
(tomato) at 0.116mg/kg, approximately 2.3 times higher than
the MRL. A similar multiclass pesticide residue analysis
showed that parathion levels in market eggplants and toma-
toes in Bangladesh exceeded the MRL by 0–6.4 and 0–4.6
times, respectively [25]. In Rajasthan, India, the residual
parathion level was 1.2–3.6 times higher than theMRL (0.06–
0.18mg/kg) for tomatoes and 0–28.4 times higher than the
MRL (0–1.42mg/kg) for eggplants [26].
Phosphamidon was detected in a single sample for each
of eggplant and tomato, with the highest level in an eggplant
sample at 1.146mg/kg. This level is approximately 140 times
higher than the MRL, which is alarming. In several field veg-
etables in India, the residual phosphamidon level exceeded
the MRL (0.51mg/kg) by 51.0 times [27].
Several factors may contribute to the high occurrence
of pesticide residues detected in the vegetable samples from
the Narayanganj district. Bangladesh frequently has a weak
control mechanism, and rampant pesticide overdosing is
practiced to increase crop productivity [28]. Furthermore, the
majority of farmers lack sufficient perception and knowledge
about the nature of chemical pesticides and their effects on
health. Therefore, consumers may unknowingly use vegeta-
bles and fruits containing uncontrolled levels of pesticide
residues [8, 9, 29].
Fortunately, the soil degradation times of some pesticides,
such as fenitrothion (4 days) and dimethoate (7 days), are
relatively short, and it is possible that both pesticide levels
would have dramatically decreased by the time the vegetable
was consumed by the general public. This fact could also
contribute to the relatively lower pesticide levels of these
two types of pesticides seen in the analyzed samples. The
differences in the soil half-life indicate that the natural decon-
tamination of a pesticide also depends on its physiochemical
properties. This may also explain the highest contamination
seen with diazinon, which could actually be due to its
relatively longer soil degradation time (40 days) and low
water solubility (60mg/L) (Table 4). The water solubility of
phosphamidon is very high, indicating that properwashing of
vegetables before consumptionmay be crucial for its removal.
The HRI is the ratio of the estimated dietary intake (EDI)
to the accepted daily intake (ADI) and indicates whether
the calculated amount of the pesticide residue exceeds the
amount of the pesticide that can be consumed every day for a
lifetime. Thus, an HRI value greater than 1 indicates that the
estimated dietary intake exceeds the ADI and is considered
unsafe for human health [16]. The HRI for diazinon was
the highest in both eggplant and tomato samples, which may
be due to its physiochemical property.
Not only were the levels very high, but some of the
vegetable samples also contained multiresidues of different
types of pesticides. Exposure to pesticides through contam-
inated food leads to a spectrum of adverse health effects that
depend on the nature of the pesticide and on the amount
and duration of exposure [30]. Symptoms of exposure to
organophosphates such as diazinon, dimethoate, fenitroth-
ion, parathion, and phosphamidon includemiosis, urination,
diarrhea, diaphoresis, lacrimation, excitation, and salivation
[31]. Anxiety, depression, coma, and convulsions are acute
psychological and behavioral effects of organophosphorus
pesticide exposure, while chronic exposure leads to cogni-
tive and emotional deficits. Because organophosphates act
directly on the nervous system by inhibiting the enzyme
acetylcholinesterase (AChE) [32], severe organophosphate
exposure is clinically manifested by marked miosis and loss
of the pupillary light reflex, fasciculations, flaccid paralysis,
pulmonary rales, respiratory distress, and cyanosis with less
than 10% of the normal value of serum cholinesterase [33].
Exposure to carbofuran, an anticholinesterase carbamate,
leads to overstimulation of the nervous system due to direct
inhibition of acetylcholinesterase. Symptoms of carbofu-
ran overexposure in humans include headache, weakness,
abdominal cramping, nausea, blurred vision, convulsions,
tremor, and coma [34]. Linuron exhibits relatively low
acute toxicity but is classified as an unquantifiable Group
C carcinogen and shows some evidence of developmental
and reproductive toxicity. In low concentrations, linuron
exposure antiandrogenically alters sexual differentiation [35].
This is a small pilot study that successfully pasteurized the
residual pesticide levels of seven commonly used pesticides in
two field vegetables before they were transported to market.
The actual levels of exposure to consumers may thus be
different after they reach their homes and following proper
washing. More comprehensive studies should be undertaken
to determine the levels of different pesticide residues on
other vegetables and fruits originating from different regions
in Bangladesh and at several different sampling intervals.
Regular monitoring of the use of common pesticides on
vegetables should also be undertaken as this study indicated
the presence of high residual pesticide levels that may pose
a health hazard. The adoption of effective legislation for
properly regulating pesticide use and increasing awareness
and technical know-how in the farming community should
be incorporated in Bangladesh.
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4. Conclusion
Large percentages of the eggplants (50%) and tomatoes
(60%) from the Narayanganj district were contaminated with
pesticides, and all of the levels were above theMRL proposed
by the EC regulation. Diazinon was the most common (35%)
pesticide detected in the vegetable samples. The HRI for
diazinon was the highest for both eggplant and tomato
samples, which may be due to its physiochemical property.
Fenitrothion and linuron are the two second most common
types of pesticides detected in the vegetable samples. Regular
monitoring of the use of common pesticides on vegetables
should be undertaken.
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